Introduction
Validated breast cancer risk estimation tools are available to physicians [1e4] , but are underused [5e7] . As a result, many women may not engage in a discussion of their breast cancer risk with their physician. Lack of knowledge about risk can lead to misperceptions and underuse of prevention and risk reduction therapies for women at high risk for breast and ovarian cancer [8, 9] .
Effective risk reduction options are available and recommended for high-risk patients including two selective estrogen receptor modulator therapies (SERMS), tamoxifen and raloxifene [10e12] . However, these medications are not without risks. Side effects include increased risk for venous thromboembolic events with use of tamoxifen and raloxifene and increased risk for endometrial cancer with use of tamoxifen.
[10e12] Further, because not all women identified as high-risk will go on to develop breast cancer, it is especially important to encourage women to discuss their risk with their physicians who can help them to balance the potential benefits of risk reduction therapies against the potential risks. Therefore, in September 2013, the United States Preventive Services Task Force recommended that clinicians engage in shared decisionmaking about use of risk reduction medications for women who are at high risk for breast cancer [13] .
For women to engage in breast cancer risk reduction practices [14e19], it is helpful for them to have an understanding of their own risk and knowledge of the available options to reduce risk as well as the associated side effects. One potential unintended consequence of informing high-risk women about their risk is that it may increase concern and anxiety [20e22] . As a result, effective communication interventions are needed to educate women about breast cancer risk factors while minimizing anxiety.
Although breast cancer risk assessment tools intended to promote prevention and risk reduction exist [23e28], these have not been well integrated into clinical practice [5, 29] . To address this issue, we designed a tablet-based, breast cancer risk education intervention (BreastCARE) to promote patient-physician discussion of breast cancer risk in the primary care setting and evaluated the intervention using a randomized controlled trial (RCT). As reported in a prior publication, we found that BreastCARE increased discussions of family cancer history, personal breast cancer risk, highrisk, and genetic counseling/testing and among high-risk women, all intervention effects were stronger. [30] Here, we assess the impact of BreastCARE on other important outcomes in the delivery of breast cancer risk information including women's knowledge of breast cancer, perceptions of individual risk and concern about breast cancer.
Methods

Study setting and recruitment
The intervention was conducted between June 2011 and August 2012 (when recruitment was met) [30] . Recruitment goals were based on sample size calculations assuming 80% power and a ¼ 0.05 to detect significant differences in main effects between intervention and control groups. Recruitment letters, along with opt-out postcards, were mailed to patients with scheduled upcoming primary care medical appointments at an academic medical center and a safety-net hospital located in San Francisco, California. All patients who did not return a postcard declining to participate were contacted by telephone and those who agreed to participate completed a baseline telephone survey prior to their appointment. The research protocol was approved by the institutional review boards of participating institutions. Informed consent was obtained from all participants.
Patients were eligible to participate if they had an appointment in one of the participating practice sites, were female between the ages of 40 and 74, spoke English, Spanish, or Chinese (Cantonese or Mandarin), had no personal history of breast cancer or ductal carcinoma in situ, were able to complete a telephone interview and if their physicians did not object to their participation.
Study procedures
At completion of a baseline telephone survey, participants were randomized based on random sequence codes designed by a statistician and stratified by race/ethnicity to ensure balance. The intervention and control groups both completed a breast cancer risk assessment questionnaire. Those randomized to the control group completed the risk assessment by telephone two weeks prior to their scheduled appointment. Intervention participants completed a tablet-based version of the same risk assessment at the clinic immediately before their appointment and also received a personalized patient risk report one page in length, which the control patients did not receive. A second version of the report was given to the physician. On average, intervention women completed the tablet-based risk assessment in less than 5 min. One to two weeks after their appointment, all participants were contacted for a follow-up telephone survey to assess study outcomes.
BreastCARE intervention
BreastCARE was available in English, Spanish and Chinese, designed as a tablet-based, breast cancer risk assessment tool providing individually-tailored print-outs for patients and their physicians. We used measures in our risk assessments and surveys that were validated in multiple languages and used in prior research, or used a group consensus of native speakers to determine adequacy of translations [31] .
Patients were queried on breast cancer risk factors in a series of questions written at an eighth-grade reading level [32, 33] . Based on patient responses, an individualized risk report was generated that included specific risk reduction recommendations. A consensus panel of experts chose thresholds at which patients would be considered high-risk for each of the measures in our assessment. The rationale for all thresholds was to choose clinically actionable cut-points above which a woman should be referred for genetic counseling or high-risk evaluation for chemoprevention. For each woman identified as high-risk, the patient report stated that her risk was "higher than for other women [her] age" and suggested that she talk with her doctor. The patient message library included 30 potential messages based on risk factors, whereas the physician message library included 45 potential messages to account for all possible scenarios. A research assistant handed the patient her printed individualized report and a second report to be given to her physician who was thereby made aware of intervention status.
Reports for high-risk women indicated the reasons why they were at high risk and gave advice on what should be done to address risk factors (see Appendix). Reports for women who were not at high risk indicated the reasons why they were not at high risk and emphasized behaviors that should be maintained to minimize risk.
Data measures
Descriptive variables
At baseline, we assessed: age, self-reported race/ethnicity, marital status, education, health insurance coverage, self-reported general health, number of primary care visits in the past year and number of self-reported comorbidities [34] . Breast cancer risk assessment indicators included age at menarche, age at first birth, age at menopause, breast biopsy history, tamoxifen or raloxifene use, Jewish ancestry, family history of ovarian and breast cancer and mammographic breast density from medical records when available (73% of sample).
We used three measures to estimate objective risk for breast cancer: the Referral Screening Tool (RST) (personal history of breast or ovarian cancer, Jewish ancestry, history of family breast and ovarian cancer in mother, sister, daughter, grandmother or aunt and history of breast cancer in a male relative; cstatistic ¼ 0.90) [35, 36] , the Gail Model (personal history of breast cancer, age, age at first menstrual period, age at first birth, number of first-degree relatives with breast cancer, history of breast biopsy and race/ethnicity; c-statistic ¼ 0.67) [1, 2] and the Breast Cancer Surveillance Consortium (BCSC) model (age, family history of breast cancer, prior breast biopsy, race/ethnicity and breast density; c-statistic ¼ 0.66) [3, 4] .
Women were considered to be high-risk if they met at least one of three mutually exclusive criteria, listed in order of priority: (1) family history based on RST [36] , (2) BCSC score in top 5% of estimated 5-year risk for her age group when mammographic breast density data was available [3, 4] , or (3) Gail score in the top 5% estimated 5-year risk for her age group [1] . In addition, women between the ages of 40 and 50 were considered high-risk if their Gail or BCSC score was !1.67 [10] . All other women were classified as average risk. The patient risk report for any woman identified as high risk stated that the woman's risk was higher than for other women her age and suggested talking with her doctor about the matter. For intervention women meeting RST high-risk criteria, the physician report contained a message suggesting referral to genetic counseling; for those meeting Gail/BCSC high-risk criteria, the report contained a message suggesting referral to a high-risk clinic.
Knowledge
We asked 10 questions about breast cancer risk factors at followup to assess knowledge of whether the following factors increase or decrease breast cancer risk: "Having relatives with breast cancer"(increase); "Being older age" (increase); "Drinking alcohol" (increase); "Using hormone medicine for menopause" (increase); "Being younger when you have your first child" (decrease); "Being younger when you have your first period" (increase); "Regular exercise (decrease); "Not having children" (increase); "Being older when you reach menopause" (increase); "Being overweight" (increase).
We assessed knowledge of breast cancer risk assessment and reduction at follow-up with four questions: "If a woman is at high risk for breast cancer, there is nothing she can do" (false); "Only women with a family history of breast cancer are at risk" (false); "Some women at risk for breast cancer can take medicine to prevent it" (true); "Some women with a strong family history of cancer can take a test to look for the breast cancer gene" (true).
For each set of items, a summary knowledge score was calculated based on the percentage of questions correctly answered and a dichotomous variable was created (!75% correct answers vs. <75%). We placed the cutoff point for knowledge at 75% correct answers in order to identify differences between the intervention and control groups with respect to "above average" knowledge.
Correct perception of risk
Both at baseline and follow-up, women were asked: "Compared to other women of the same age, do you think your chance of getting breast cancer is: higher, the same, or lower" [37] . We defined correct perception of risk as a match between a woman's objective (high vs. average) and perceived risk of breast cancer (higher vs. same/lower) [38] . 
Poten ally eligible par cipants reached
Concern about breast cancer
At baseline and follow-up women were asked: "How concerned are you about getting breast cancer? Very, somewhat, a little, not at all" [39] . Responses were dichotomized to "very" vs. "less than very" concerned.
Statistical analysis
Baseline equivalence between intervention and control groups was assessed, comparing demographics, health characteristics and breast cancer risk factors. Intervention outcomes were determined by comparing breast cancer knowledge scores, correct risk perception and breast cancer concern at follow-up. We used generalized estimating equations (GEE) regression in Stata (Version 11.2) to account for clustering of patients within physicians and to estimate differences at follow-up between intervention and control groups with respect to (a) knowledge of breast cancer risk factors; (b) knowledge of breast cancer risk assessment and reduction (high-risk women); (c) correct perception of breast cancer risk; (d) concern about getting breast cancer. We estimated odds ratios (OR) and 95% confidence intervals (CI). We adjusted model (c) for baseline correct perception of risk and model (d) for baseline breast cancer concern.
Results
Description of study population
Out of 3473 eligible women who were reached, 1635 (47%) completed the baseline telephone survey. Out of these 1635 women, 812 were randomized to the intervention group and 823 to control group. Among women randomized, 74% in the intervention group and 82% of controls completed study enrollment. Over 95% completed the one-week follow-up telephone survey (Fig. 1) and 192 physicians participated.
Intervention and control groups were well-balanced at baseline with respect to demographic characteristics ( Table 1 ). The majority of women were at average risk for breast cancer (75%); 15% were average risk but reported at least one blood relative with breast cancer. Twenty-five percent were identified as high-risk; 16% due to their BCSC or Gail score and 9% due to RST score !2 checks.
Knowledge, risk perception and concern at follow-up At follow-up, patients answered 53% of breast cancer risk factor knowledge questions correctly, but scores were higher among intervention women vs. controls (average score ¼ 56% vs. 49%; p < 0.001) ( Table 2 ). Intervention women were significantly more likely to answer that drinking alcohol, younger age at first period and being overweight were associated with higher risk of breast cancer, and that younger age at first child's birth and regular exercise were associated with lower risk (Table 2) . Overall, intervention women were more likely than controls to answer at least 75% of questions correctly (24% vs. 16%; p ¼ 0.002).
Most high-risk women were knowledgeable about general breast cancer risk assessment and reduction approaches (average score ¼ 77%), with the exception of SERM availability (Table 2) . Intervention women were more likely than controls to know that high-risk women can take medicine to prevent breast cancer (41% vs. 28%; p ¼ 0.03).
At baseline, a high percentage of women in both groups had correct perception of risk (70% control and 66% intervention, p ¼ 0.11) (Table 3 ) and the change from baseline to follow-up was equivalent for both groups (D ¼ 3%).
At baseline, 22% of controls and 27% of intervention women were very concerned about breast cancer (p ¼ 0.04) ( Table 3 ). There was no change in concern about breast cancer from baseline to follow-up among controls while there was a slight but nonsignificant decrease in being very concerned among intervention women (D ¼ À3%).
GEE analysis
Intervention women had greater knowledge of breast cancer risk factors at follow-up than controls (OR ¼ 1.62; CI ¼ 1.19e2.23) ( 
Discussion
One-quarter of the women in our population were categorized as high-risk by RST, BCSC or Gail score, but only 26% of these women perceived themselves to be high-risk at baseline, emphasizing the need to move the needle of knowledge of risk factors, risk perception and action by clinicians to refer, counsel and/or treat these high-risk women. Clinicians will often rely on family history to signal increased risk for breast cancer but 15% of participants in this study were at average risk despite having a blood relative with breast cancer. We found that our intervention improved knowledge of breast cancer risk factors without increasing concern and identified women at high risk who were not likely to be otherwise found.
Women receiving the BreastCARE intervention had greater overall knowledge of breast cancer risk factors than controls at the time of follow-up, consistent with findings from prior RCTs involving breast cancer educational interventions [40e42]. In our study, women receiving BreastCARE were more likely to recognize Boldface indicates statistical significance (p < 0.05). *P-values from GEE analyses accounting for clustering of observations by physician. Improved knowledge can facilitate the use of prevention and risk reduction therapies, particularly among high-risk women. Previous work by our group found that women were more willing to consider taking a medication to reduce risk of breast cancer if identified as high-risk [46] . BreastCARE was not associated with greater concern about getting breast cancer. Prior research suggests that awareness of breast cancer risk can increase anxiety, particularly among those at high risk [20e22] . However, in the context of BreastCARE, immediate involvement of physicians who were available to discuss patients' risk and explain the options available for risk reduction likely helped to minimize patients' anxiety. Our results, combined with findings from earlier studies [42, 47, 48] , support the notion that women can be informed about their breast cancer risk without increasing their concern. An alternative explanation for our findings is that concern was not affected by the intervention because risk perceptions did not change. Because the intervention did not make women more aware of their breast cancer risk, it did not increase concern.
Our finding that BreastCARE was not associated with an improvement in correct perception of risk is in contrast to results from three prior interventions [41, 42, 49] . BreastCARE was similar in intensity and scope to two of these prior interventions [41, 49] . The first provided individualized breast cancer risk counseling to women aged 35 years and older with a family history of breast cancer in a first degree relative, by a trained nurse educator [49] . The second provided tailored print materials followed by tailored telephone counseling by trained health advisors for women aged 40e44 years and 50e54 years, enrolled in Blue Cross Blue Shield of North Carolina [41] . BreastCARE was slightly more intensive than a third intervention which provided tailored educational materials to promote genetic testing, without one-on-one counseling, for women aged 55 years, estimated to have a high probability of carrying a BRCA1/BRCA2 mutation [42] .
Possible explanations for differences in study findings include differences in: definitions of "correct" risk perception; methods used to calculate objective risk [37, 38, 41, 49] ; the format of risk presentation [50] or delivery of information by healthcare providers. In addition, 72% of women enrolled in our study already had correct perception of breast cancer risk at baseline, which could explain why a significant improvement in risk perception was not observed. Further, one of the prior interventions found no relationship between risk accuracy and behavior [41] , suggesting that there may be more to understanding risk and acting upon risk information than recalling numerical probabilities. Reactions to risk reports or perceived disease severity, may be more important in driving behavior change [51] .
Our study has several limitations. Knowledge was only assessed at follow-up so we cannot determine how knowledge differed between groups at baseline, although groups were similar with respect to education and other demographic characteristics. We also used a not-yet-validated BCSC risk assessment tool (vs. a validated tool [52] ) to identify candidates for enhanced breast cancer screening. However, our goal was to identify patients suitable for referral to genetic testing and preventive therapy rather than those suitable for enhanced screening. In addition, we categorized risk as a dichotomous variable. Undoubtedly there are different degrees of risk even among women meeting our age-based high-risk cutoffs. However, cutoffs were based on clinically meaningful thresholds where risk reduction options should be discussed and recommended. Further, some women in the control and intervention groups could have been seen by the same physician, leading to potential contamination of the intervention effect. An important strength of our study was the inclusion of three different language groups. However, the education level of the sample was relatively high which may limit the generalizability of the findings.
Conclusion
Our simple, practical primary care clinic-based intervention using a tablet-based breast cancer risk assessment tool to target both patients and their physicians improved women's knowledge of breast cancer risk factors without increasing their concern, irrespective of objective risk. As reported in our prior publication, [30] BreastCARE also improved patient-physician discussions of risk which is likely how the intervention worked to enhance knowledge. The involvement of physicians at the point of care who were available to discuss patients' risk factors and explain the risk reduction options available likely contributed to the intervention's success. Our findings support the use of health-related information technology in the primary care setting to enhance education about breast cancer and associated risk factors.
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